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ABSTRACT 
Changes in sprint kinetics and kinematics following static or dynamic stretching 
Kristyne Bartel 
Dr. Janet S. Dufek, Examination Committee Chair 
Professor of Kinesiology and Nutrition Sciences 
Affiliate Faculty, Department of Mechanical Engineering 
University of Nevada, Las Vegas 
The purpose of this study was to determine the effects of static or dynamic stretching on 
hip kinematics and kinetics during intermittent sprinting. To achieve this aim, intermittent sprint 
athletes were asked to complete either a static or dynamic stretch, followed by a repeated-sprint 
protocol. Hip joint kinematics and performance measures were evaluated during the sprint, 
including changes that occurred in these variables over the course of the sprint protocol. In 
addition, hip flexion torque was measured with an isokinetic dynamometer. Ten male (age = 
25±2.3 years, 175±3.2 cm, 76.2±2.7 kg) and female (age = 20±1 years, 166±1.3 cm, 60±1.1 kg) 
recreational soccer players were recruited from the Las Vegas community. Participants reported 
to the Sports Injury Research Center for data collection on two days separated by at least 48 
hours. Before providing consent (IRB Protocol #724261-2), participants were able to ask any 
questions and familiarize themselves with the isokinetic dynamometer. Data collection consisted 
of: 1) 5-minute walking warm up on a treadmill at a preferred speed, 2) baseline hip flexion 
torque measurements, 3) either a static or dynamic stretch, 4) post-stretch torque measurements, 
5) 6 x 20-meter sprints with 2 minutes rest between each trial, and 6) post-sprint torque 
measurements. On day two, participants completed the alternate stretch condition (step 3). Hip 
flexion torque output values extracted using Biodex Software were entered into Microsoft Excel 
and peak torque values were identified for each measurement period (baseline, post stretch, post 
sprint) for each condition (dynamic stretch or static stretch). These values were analyzed using a 
2 (stretch) x 3 (time), repeated measures factorial analysis of variance (ANOVA) with a 
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Bonferroni adjustment using SPSS for Windows (IBM, v. 22, Armonk, NY). Multiple 
comparison post-hoc analysis was completed using a one-way repeated measures ANOVA and 
paired t-tests. Sprint times were recorded during collection and entered into Microsoft Excel, 
where the average sprint time for each condition was calculated, as well as the time difference 
between sprints 1 and 6. Two separate paired samples t-tests were completed for average sprint 
speed and T1-T6 differences for each condition with significance set to α=0.05. Hip angular 
velocity was calculated during the initial swing phase using MaxTRAQ software (Innovision 
Systems, Inc., Columbiaville, MI). Initial swing was defined as toe-off to maximum knee flexion. 
These identifying positions were determined using the markers placed prior to data collection. 
Angular position data for the hip and knee were filtered with a zero lag, low-pass, 4th order 
Butterworth filter with a cutoff frequency of 12 Hz. From the angular position data, instantaneous 
angular velocity was calculated for each frame that comprised the initial swing phase of sprints 1 
and 6. The length in frames of the phase was normalized by percent, and the phase percent at 
which peak instantaneous velocity occurred was noted. Paired samples t-tests were completed for 
both peak instantaneous velocity and percent phase of peak instantaneous velocity for each 
condition with significance set to α=0.05. Results of statistical analysis yielded no significant 
results. However, angular velocity values and torque measurements were greater following 
dynamic stretch and sprint times were faster. The lack of statistical significance may be explained 
by several factors, specifically large variability within a small sample. Future research would 
benefit by increasing the sample size, matching participant experience and playing level, and 
potentially increasing the number and length of stretches performed.  
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CHAPTER 1: INTRODUCTION 
 Pre-activity stretching prior to activity is a common practice among athletes, yet there is a 
lack of consensus as to the type of stretching that should be performed. Various types of 
stretching have been utilized by athletes, though the criteria for choosing a stretch often amounts 
to what the athlete or coach is familiar with or has found success with previously. Current 
research has yet to find a solid answer regarding the best stretch to perform in regards to injury 
reduction and performance effects. Two commonly-researched types of stretching include static 
and dynamic, both of which are commonly utilized by athletes prior to practice and competition.1–
4  
 Static stretching involves placing a muscle into a stretched position and holding the 
position for a specified amount of time, typically 10-60 seconds.5–7 Performing a general warm-
up followed by a static stretch of activity-specific muscles is common practice among athletes,6–8 
due to the belief that it may reduce the risk of injury, mentally prepare an athlete for activity, and 
improve performance.6–8 Although some research supports a decreased risk of injury following 
implementation of a stretch regimen,5–7 other studies have suggested that static stretching prior to 
performing activities that require maximum force or torque output may have deleterious 
performance effects.1,2,9–13 
 Alternatively, dynamic stretching involves progressing through a series of controlled 
movements that involve the muscles and movement patterns to be performed during the 
upcoming competition or activity.2 This type of stretching has become increasingly popular, 
possibly due to the benefits of targeting large activity-specific movements and muscle groups as 
opposed to single muscles, as well as the continuous movement component involved. Research 
supports the use of dynamic stretching in place of static stretching,1–3,14 or a combination of the 
two4,15 when considering positive performance effects.  
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 Differences in effects of static and dynamic stretching can be explained physiologically, 
beginning with the level of stiffness in the musculotendinous contractile unit. Some researchers 
believe that in order to produce maximal force, the muscle would require a higher level of 
stiffness, which is a characteristic that is thought to be decreased by static stretching.2,7,16 By 
placing and holding the muscle in a stretched position, stiffness is decreased following the 
activation of proprioceptors and a reflex response. This decreased stiffness is then thought to 
affect the maximal force output.2,7,16 Another physiological consideration of static stretching is 
the viscoelastic property of muscle. A material that is viscoelastic in nature experiences less stress 
at a given stretched length, which results in stress relaxation.1,2,17 This viscoelasticity results in 
increased muscle compliance as the muscle is continually stretched, and this compliance results in 
decreased stiffness, and thereby decreased force production.1,2,5,7,17 Due to these considerations, 
static stretching is typically not considered a favorable choice for activities that require explosive 
force production.  
 Conversely, when considering the physiological components responsible for performance 
changes following dynamic stretching, similarities exist between dynamic stretching and a 
general warm up, such as increased tissue temperature, increased excitability of contractile 
tissues, increased kinesthetic awareness, increased oxygen uptake, and improved 
thermoregulation.3,14,18–22 Furthermore, a phenomenon known as postactivation potentiation 
(PAP) may also contribute to enhanced neuromuscular function, which would lead to enhanced 
performance.23–25 The premise underlying PAP is that the contractile unit of the muscle has an 
ability to “remember” types of contractions and thereby produce a stronger contraction when 
preconditioned by a similar type of movement.23–25 Therefore, by performing activity-specific 
movements during a dynamic stretch prior to activity, the involved musculature may be able to 
produce stronger contractions during activity. 
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 Although these physiological explanations attempt to explain the effects that are 
sometimes observed among research studies, there still exists a lack of consensus and 
reproducibility of these effects.26 This variability can be contributed to several factors, including 
type of activity performed prior to and following the stretch protocol (i.e. warm up vs. no warm 
up), length of stretch, and type of athlete utilized (i.e. sprinters vs. long distance runners). Also, 
few researchers have attempted to determine how long the effects of stretching continue once the 
stretch is complete. Many studies measured variables immediately after the stretch but did not 
determine if the measured effects continued for any period of time. Of the studies that 
investigated this,12,27–29 only one12 did so by evaluating performance measures other than 
flexibility. The current study aims to determine the effects of static and dynamic stretching on 
intermittent sprint athletes, not only acutely after the stretch, but also after prolonged activity. By 
more narrowly controlling the type of athlete and activity studied, it may be possible to determine 
a type of warm up that benefits one type of athlete specifically.  
 The effect of different types of stretching on sprint performance provides results that are 
mixed as to whether one type of stretch is superior over another. Some studies suggest that static 
stretching leads to sprint speed decreases1,2,13 or no change in sprint time.30,31 These studies 
examined static stretching as either the only variable11,30 or in comparison to dynamic 
stretching.1,2,31 However, no studies were found that examined only the effects of dynamic 
stretching on sprint performance.  
 Along with the physiological explanations regarding changes in performance, sprint 
performance effects may also be explained by examining the biomechanical components of 
sprinting. Speed is defined as the product of stride frequency and stride length. Therefore, 
increases in both stride frequency and stride length would explain increased sprint speed,32–34 so 
as the athlete is able to increase torque production, factors such as angular velocity, stride 
frequency, and sprint speed would increase as well.33–37 Stride length may be altered with changes 
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in force production and range of motion.33 As running speed increases, increases in the range of 
motion of the lower extremity occur, resulting in increased flexion at lower extremity joints and 
subsequently lowered center of gravity.38 These increases in range of motion may occur more 
readily with the range of motion increases that are demonstrated following both static and 
dynamic stretching.   
 Considering the aforementioned discrepancies and gaps in stretching research, as well as 
the physiological and biomechanical considerations of stretching and sprint performance, there 
exists a need for research that can consider the various contributions of stretching technique 
separately. Rather than attempting to measure one type of stretch on one type of athlete and then 
apply these results to a diverse population, the current study will instead focus on a single type of 
athlete and activity, and compare dynamic versus static stretching effects on selected kinematic 
and kinetic variables for a single joint.  
Purpose of the Study 
The purpose of this study was to determine the effects of static or dynamic stretching on 
hip kinematics and kinetics during intermittent sprinting. To achieve this aim, soccer players were 
asked to complete either a static or dynamic stretch, followed by a repeated-sprint protocol. 
Kinematic measures observed during the sprint protocol included sprint time and angular velocity 
at the hip joint, including changes that occurred in these variables over the course of the sprint 
protocol. Furthermore, kinetic data measured included hip flexion torque. This variable was 
measured with an isokinetic dynamometer. 
Research Questions 
This study aims to answer three major research questions related to hip kinematics and 
kinetics in intermittent sprinters following either dynamic or static stretching: 
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1. What are the immediate and post-exercise effects of static and dynamic stretching on 
hip flexion torque production?  
2. What are the effects of dynamic or static stretching on hip angular velocity during 
intermittent sprinting?  
3. How are sprint times throughout an intermittent sprint protocol affected by the type of 
stretch performed? 
Significance of the Study 
 As previously mentioned, there is a lack of agreement in whether static or dynamic 
stretching is more beneficial for performance. This study will attempt to address this conundrum 
as it applies to a specific population of athletes. Considerations should be made that what benefits 
one type of athlete (sprinter) may not benefit another (long distance runner). By constraining the 
study population, conclusions may be drawn that may benefit that specific population. 
Furthermore, there exists a lack of research regarding the lasting effects of stretching; existing 
research measures variables immediately after the stretch, but does not consider if those changes 
would exist following an extended exercise protocol. This study will measure kinetics both 
following the stretch as well as following a sprint protocol, which may shed light on whether 
those immediate effects of stretching last through a period of exercise. Additionally, the focus of 
this research involves kinetic and kinematic measures at the hip, which is currently nonexistent in 
the stretching literature. Results of this study will begin to fill some of the existing literature gaps, 
which will increase the overall understanding of the topic and add to the body of knowledge 
available for athletes, coaches, and sports medicine staff with regard to choosing a pre-activity 
stretch regimen. 
 
 6 
 
Statistical Hypotheses 
 The research questions will be addressed with five statistical hypotheses. The null (Ho) 
and alternative (Ha) hypothesis to be tested are as follows: 
 Ho1: There will be no difference in hip flexion torque production between baseline (T1) 
and post-stretch (T2) following static or dynamic stretching. 
Ha1: Greater increases in hip flexion torque production will occur between baseline and 
post-dynamic stretch compared to changes between baseline and post-static stretch.  
Ho2: There will be no difference in hip flexion torque production between baseline (T1) 
and post-sprint (T3) following static or dynamic stretching. 
Ha2: Increases in hip flexion torque production will occur between baseline and post-
sprint for both static and dynamic stretching.  
Ho3: There will be no differences in hip flexion angular velocity during the initial swing 
phase of gait between the first and last sprint following dynamic or static stretching. 
 Ha3: Decreases in hip flexion angular velocity during the initial swing phase of gait will 
occur between the first and last sprint following both dynamic and static stretching.   
Ho4: There will be no differences in sprint times between the first and last sprint 
following dynamic or static stretching. 
 Ha4: Increases in sprint times will occur between first and last sprints for both conditions.  
 Ho5: There will be no difference in average sprint times following dynamic or static 
stretching.  
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 Ha5: Average sprint times will be faster following dynamic stretching compared to static 
stretching. 
Limitations 
 Though all efforts were taken to mitigate issues in the experimental design that would 
skew results, there always exists limitations with any research study.  
 1) Sprints were performed outdoors, which creates several limitations, including: 
-“idle time” existing in order to walk from where torque is measured and sprints 
are performed (outdoors) 
-environmental considerations in regard to performance including wind and 
temperature 
-environmental considerations in regard to visibility of video collection such as 
brightness, shadows, and time of day.  
 2) The dominant limb will be the limb measured; however, this will be self-reported and 
not based on performance test results.  
3) Although the subject was asked to sprint at a maximal effort, speed was not controlled 
by the examiner or revealed to the subject. 
Delimitations 
 Several measures were taken to ensure that data collection was natural for the subject, as 
well as to ensure that results are easily applicable in the clinical setting.  
 1) Subjects were instructed to perform stretches for an amount of time that is typically 
seen in an athletic setting.  
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 2) The amount of time that existed between the stretch and the sprint protocol is similar 
to what would be seen in a competition setting, in which athletes will warm up, then have several 
minutes of idle time (pre-game huddles, captain’s meetings, athlete introductions, national 
anthem) before the start of the competition. This time will be quantified during the study.  
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CHAPTER TWO: REVIEW OF THE LITERATURE 
Stretching As a Pre-Performance Activity 
Current research suggests that a warm up will prepare the body for physical activity by 
increasing metabolic rate, heart rate, oxygen delivery, temperature, and flexibility, among various 
other benefits.9,20,39 The typical warm up consists of some full-body exercise, such as jogging, 
followed by a stretch component. It is generally accepted that a warm-up prior to exercise is 
beneficial; however, controversy exists in the effectiveness of the stretch component of the warm 
up.26 Effects on performance based on the type of stretch performed remains relatively 
inconclusive in the literature and provides debate among researchers, coaches, athletes, and sports 
medicine personnel as to whether or not athletes should be completing a stretch before activity, 
and if so, what type of stretch should be utilized.  
Over time, different stretch techniques have been developed and utilized. Following early 
research, many athletes utilized a static stretch regimen based on its perceived ability to help 
prevent injury8,40–43 and/or increase performance.6,44 These studies often ascribe the benefits to an 
increase in flexibility, which is believed by some to decrease the incidence of injury and improve 
performance. Later, ballistic stretching was implemented with the idea that the addition of active 
movement to the stretch would increase the benefits. However, the rapid overstretch utilized in 
ballistic stretching was believed to increase injury risk.7 In more recent years, dynamic stretching 
has been recommended instead.1,3,9,25 Nevertheless, due to differing and inconclusive protocols 
and results in the literature, research continues to be conducted to test the validity of claims 
regarding the effectiveness of various stretching techniques.26 For the purpose of this study, the 
literature review will focus only on dynamic and static stretching.  
Research results concerning the efficacy of static or dynamic stretching are conflicting; 
although the most palpable trend exists to suggest that static stretching results in performance 
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decreases1,2,9,11 and dynamic stretching results in performance increases.1,3,9,25 However, studies 
also exist that show no significant effect of either stretch intervention.15,45–48 A lack of consistency 
in stretch protocols including specific movements, repetition, and time may explain this lack of 
consensus, along with the amount of variability that is naturally evident in human movement. 
With this noted, studies with significant results tend to suggest the aforementioned conclusions of 
a performance decrease following static stretching and performance increase following dynamic 
stretching.1–3  
Static vs. Dynamic Stretching and Performance 
 Static stretching involves moving a muscle into a stretched position, just prior to feeling 
pain, and holding the position for 10-60 seconds, with shorter times involving more repetitions of 
the same stretch.5–7 Performing static stretching following a warm up activity and prior to 
performance is common practice among athletes. Early researchers believed that static stretching 
prior to activity would improve performance, reduce the risk of injury, and mentally prepare an 
athlete for activity.6–8 The gentle nature of a static stretch does decrease the risk of injury while 
performing the stretch;5–7 however, many recent studies have suggested that static stretching 
before activity results in a decrease in performance, particularly for activities requiring maximal 
force or torque production.1,2,9–12,49 Force measures such as sprint time, vertical jump, and one 
repetition max (1RM) lifts are commonly studied, as these activities rely on explosive movement 
and rapid torque production. Studies have shown an acute decrease in vertical jump height,50–52 
sprint speed,2,11 and 1RM for both hamstrings and quadriceps.49  
Conversely, dynamic stretching is thought to have either no effect, or a positive effect on 
performance.1–4,15 Dynamic stretching has become increasingly popular in all levels of sports and 
involves progressing through a series of controlled movements that are often sports-specific and 
occur throughout the active range of motion.2 Examples include 20-meter skips, high knees, 
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jumping jacks, and similar movements that target activity-specific musculature and include 
movement of large groups of muscle as opposed to single muscles. It has been suggested by 
several groups of researchers that performing a dynamic stretch prior to activity will increase 
acute performance measurements, particularly when compared to static stretching.1–3,50 Some 
studies have compared the effects of static stretching versus dynamic stretching on performance 
measures. Of these comparison studies, several suggest that dynamic stretching increases 
performance compared to static.1–3 Other studies recommend a combination of the two.4,15  
Physiological Effects of Static and Dynamic Stretching 
The documented performance decreases following static stretching are often contributed 
primarily to decreased stiffness in the musculotendinous unit which leads to a decrease in force 
production and delay in muscle activation.7,16,17 This change is considered to be due to a 
combination of neuromuscular and mechanical factors. As a relaxed muscle is placed into a 
stretched position, muscle spindles located in the muscle belly sense the change in length and, if 
the rate of change is high, a myotatic reflex will occur and the muscle will contract to protect the 
muscle. Conversely, if the rate of change is slow, such as the movement in static stretching, 
muscle spindles will not fire to protect the muscle and instead golgi tendon organs located in the 
musculotendinous junction will initiate an inverse myotatic reflex, resulting in relaxation.7,16  
Moreover, skeletal muscle is viscoelastic in nature, thereby producing less stress at a 
given stretched length, leading to stress relaxation. As the musculotendinous unit becomes more 
compliant, stiffness is decreased and force development is reduced.1,2,17 Mechanically, the 
viscoelasticity of muscle contributes as much, if not more, than stretch reflex reactions, which are 
commonly cited as the primary cause of muscle relaxation during stretching.5,7 Although these 
physiological changes support aforementioned claims that static stretching increases range of 
motion and may even reduce injury risk, the likelihood of performance deficits often leads to an 
 12 
 
avoidance of performing a static stretch prior to activity. Overall, static stretching is not 
considered to be a favorable choice for athletes requiring explosive force production.  
Physiologically, the dynamic stretch produces similar effects as the general warm up, 
such as increased tissue temperature, increased excitability of contractile tissues, increased 
kinesthetic awareness, increased oxygen uptake, and improved thermoregulation.3,18–22,50 These 
desirable performance effects are sought by athletes, coaches and researchers and form the basis 
of choosing a specific activity to perform prior to competition. During the dynamic stretch 
movements, contraction of the antagonist muscle group leads to relaxation of the agonist muscle 
due a neurological response known as reciprocal inhibition.16,53 Following a dynamic stretch, it is 
believed that enhanced neuromuscular function may lead to improved power production due to a 
phenomenon known as postactivation potentiation (PAP).23–25 
The premise of PAP resides in the fact that successful contraction of skeletal muscle is at 
least partially dependent on the muscle’s contractile history. Limited evidence suggests that if, 
prior to attempting to produce a forceful contraction of a specific muscle, the muscle is 
preconditioned by a similar contraction, force output will be increased. This is particularly true of 
contractions performed against added resistance, but the premise is thought to help explain the 
increase in force output following a dynamic stretch.23–25 The caveat to this is that the muscle 
should not be worked to fatigue during the preparatory contraction.20,23,24 These findings suggest 
that a dynamic stretch may enhance muscular contractile ability following muscular contraction, 
and therefore may increase overall sports performance.   
Limitations of Existing Stretch Research  
The typical stretch research design consists of subjects performing each activity 
immediately following a stretch, which only measures acute effects of the stretch. It is common 
knowledge that athletes engage in activity for extended periods of time, and in the case of 
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intermittent sprint sports, for extended periods of time interspersed with periods of rest. There is a 
gap in the literature regarding the lasting effects of a stretch such as during half-time or the final 
period in a competition for an athlete who performs the stretch prior to the start of the 
competition. Athletes in an intermittent sport who perform a stretch at the beginning of the 
competition may experience immediate effects, but the question then becomes: Do these effects 
last the length of a competition and if so, do these effects last throughout an extended activity that 
involves periods of intense exercise followed by periods of rest?  
Several studies exist that analyze the lasting effects of a stretch. Magnusson et al.29 found 
that 3 sets of 45-second stretches to the hamstrings resulted in stress relaxation during each 
stretch but no absolute resistance decrease, meaning that the stretch had no short-term effect on 
the viscoelastic properties of the muscle.29 DePino et al.27 found that increased flexibility 
following a static stretch of the hamstrings lasted approximately 3 minutes and returned to 
baseline levels within 6 minutes.27 Kirsch et al.28 also found similar results, with flexibility 
increases lasting less than five minutes. Alternatively, Fowles et al.12 found that voluntary 
strength was decreased by up to one hour following a static stretch.12 Though these studies were 
able to identify lasting flexibility changes resulting from static stretching, other measures such as 
strength or performance deficits were only identified in one study.12 Furthermore, time between 
stretch and measurement was spent in a resting state, thereby not adequately mimicking the 
activity of intermittent sprint athletes. The explanation for the differences in results appears to be 
related to the duration of the stretch; Magnusson et al.29 utilized 3 sets of 45-second stretches with 
30 seconds rest, DePino et al.27 implemented 4 sets of 30-second stretches with 15 seconds rest, 
Kirsch28 et al. utilized 60 second stretches with 5 seconds rest, and Fowles et al.12 utilized a series 
of maximal stretches lasting 135 seconds with 15 seconds rest over a period of 33 minutes.  
There exists a large literature gap regarding the lasting effects of pre-activity stretching in 
intermittent sprinters. Young et al.50 had subjects complete a run, a static stretch, a run + static 
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stretch, or a run + static stretch + practice jumps. Results indicated that the completion of the 
static stretch, not only alone, but also when combined with the run, led to a decrease in vertical 
jump performance in comparison to the isolated run or the run + stretch + practice jumps.50 
Similar to previously mentioned research, these results suggest that a static stretch may decrease 
performance acutely. Yet, when considering the performance increase in the intervention that 
included practice jumps, these results may suggest that the detrimental effects of static stretching 
and performance may only occur acutely, and not following additional muscle contraction. This 
concept would apply to intermittent sprint athletes who may initially experience a detrimental 
effect of stretching at the beginning of a competition, but not at the end of competition. Further 
research should be conducted to determine any lasting performance effects of stretching 
throughout a competition. 
Effects of Stretching on Sprint Performance 
 Several studies have been completed regarding the effects of stretching on sprint 
performance, the results of which are mixed. Generally, static stretching has been shown to 
decrease maximal force or torque output and therefore increase sprint time, an effect that has been 
contributed to the aforementioned physiological effects, particularly decreased stiffness of the 
musculotendinous unit.2,11 In 2004, Fletcher et al.2 found an increase in sprint time following a 
static stretch when compared to a dynamic stretch. Subjects completed two 20-m sprints with a 2 
minute rest between sprints. They concluded that the aforementioned increase in 
musculotendinous unit compliance occurring with static stretching decreased the muscle’s ability 
to store elastic energy, which decreased the resulting force production, and therefore increased 
sprint time.2 A 2007 study completed by Nelson et al.11 found an increase in sprint times 
following static stretching compared to a no stretch warm up condition. The study consisted of 
three 20-m sprints with a minimum of one minute rest between trials. Another Fletcher et al.1 
study examined the effects of static stretching on 50-m sprint times and found an increase in 
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sprint times compared to dynamic stretching, again contributing this effect to decreased stiffness 
in the musculature. This study involved the completion of two 50-m sprints with a 2-minute 
recovery between sprints.1  
Alternatively, Little and Williams48 suggest that although dynamic stretching is most 
effective preparation for high-speed activity, static did not prove to be detrimental when added to 
the pre-activity warm up. They compared the effects of static, dynamic, and a no-stretch 
condition on four different high-speed sprint drills in soccer players and discovered that dynamic 
was more effective than no stretch for 3 of the drills, and more effective than static stretching for 
only 1 drill. Additionally, they found no difference between static and no stretch for 3 of 4, and in 
1 drill they found that static was actually more effective than no stretch.48 Stewart et al.30 found 
no difference in sprint time following static stretching compared to a no stretch warm up 
condition. In this study, subjects completed three 40-m sprints with a three minute rest interval 
between sprints. The researchers suggested that the effects of static stretching may improve 
certain aspects of sprinting while hindering others, which may explain the overall null effect. 
They conclude that the range of motion increases may increase stride length which has a positive 
impact on sprint speed, while the decreased stiffness may decrease force production and 
negatively affect sprint speed.30 Wong et al.31 combined varying durations of static stretching 
with dynamic stretching and found no effect on repeated sprints (6 x 25-m, 25 s active rest) 
between static stretch durations. The researchers cited a counterbalancing effect of static stretch 
induced decrements with dynamic stretch induced enhancements.31 No studies were found that 
examined only the effects of dynamic stretching on sprinting performance.    
Biomechanical Considerations of Sprinting 
 The previously mentioned sprint performance effects of stretching may be further 
explained by examining the biomechanical components of sprinting. Speed increases are initiated 
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with a lowering of the center of gravity by increasing flexion at the hip, knee, and ankle, and it 
was demonstrated that a greater range of motion in hip flexion occurred as gait speed increased.38 
Increases in range of motion following both dynamic and static stretching may contribute to this 
increased range of motion that is necessary for speed increases to occur.  
 Increases in sprint performance are attributed to increases in speed, which is defined as a 
product of stride frequency and stride length.32–34 Both stride frequency and stride length have an 
effect on sprint speed, and are considered to vary by the individual, depending on factors such as 
leg length, height, explosiveness, and limb movement speed.32,34 Research completed by Mero et 
al.33 determined that as the sprinter reaches maximum velocity, the two components increase 
linearly; however, once the sprinter reaches about 7 m/s, increases in stride length occur in 
smaller increments compared to stride frequency.33 Alternatively, Salo et al.34 suggest that 
reliance on either stride length or stride frequency varies by individual and this individual 
dependence should be considered when developing training programs. Ultimately, though the 
individual may rely on one component more than the other, a balance of the two is necessary for 
optimal sprint performance.34 
  Different factors influence stride frequency and stride length, and have been identified in 
the literature by Mero et al.33 and Salo et al.34 Increases in stride frequency are attributed to the 
sprinter’s ability to increase the velocity at which the limb moves through its range of motion. In 
order to increase the speed of limb movement, frequency of contraction and limb turnover speed 
must occur. Changes in these factors are due to neural adaptations that occur with training.33,34 On 
the other hand, stride length is considered to be more athlete-controlled, and can be affected with 
changes related to force production and maintained flexibility.33 Research performed by Misjuk et 
al.,35 Guskiewicz et al.,54 and Dowson et al.37 found that when body weight was considered, 
sprinters who were able to produce higher peak torque in hip flexor and extensor musculature 
also had faster sprint times.35,37,54 Furthermore, Mann et al. demonstrated through the use of 
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indwelling electromyography that the most important muscles for increasing sprint speed were 
the hip flexors.55 They concluded that contrary to what was popular belief, rapid hip flexion was 
linked to knee extension, and those two factors coupled with the motion of the arms was what 
propelled sprinters along the line of progression as opposed to a push off action from hip 
extensors in the stance limb.55 Consequently, pre-performance activities that could increase either 
force production or flexibility may have a positive effect on sprint performance. 
Benefits of Current Research 
 Considering the aforementioned limitations of stretch research, as well as biomechanical 
considerations of sprinting, the need exists for a study that can begin to evaluate if different 
stretch conditions affect intermittent sprint performance; and if so, what specific biomechanical 
measures are affected that combine for the overall effect of sprint performance. If either dynamic 
or static stretching has an effect on performance, the question then becomes: What specific 
measurements are affected that contribute to this change in performance?  
Measuring sprint times will answer the question of whether either stretch intervention 
affects overall performance. Furthermore, evaluating individual sprint performances will provide 
additional insight as to how each of the measured components may contribute to these changes. 
Measuring angular velocity during the sprints may provide understanding as to how stride 
frequency is affected by different stretch protocols. Measuring torque before and after stretching, 
as well as after sprinting may provide information regarding the immediate and post-activity 
effects of stretching on torque production. This aspect is important when considering an 
intermittent sprint sport during which athletes typically only stretch before competition. If there 
are immediate effects of stretching that do not continue once activity has begun, this may affect 
whether athletes will decide to perform a stretch intervention at all. The results of this research 
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may contribute to the ever-growing body of stretch research and assist athletes, coaches, and 
sports medicine staff with determining the appropriate pre-performance activity.  
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CHAPTER 3: METHODS 
Purpose 
 The purpose of this study was to determine the effects of static or dynamic stretching on 
hip kinematics and kinetics during intermittent sprinting. To achieve this aim, intermittent sprint 
athletes were asked to complete either a static or dynamic stretch, followed by a repeated-sprint 
protocol. Kinematic measures observed during the sprint protocol included sprint time and 
angular velocity at the hip joint, including changes that occurred in these variables over the 
course of the sprint protocol. Furthermore, kinetic data measured included hip flexion torque, 
measured with an isokinetic dynamometer at baseline, post-intervention, and post-sprint.  
Participants 
Recreational soccer players were recruited from the Las Vegas community by word-of-
mouth and informational flyers. Subjects included 10 male and female recreational soccer players 
between the ages of 18 and 45 who were free from any lower extremity injury within the past 6 
months. Two females (age= 20± 1 years) and 8 males (age= 25±2.3 years) participated.  
Qualifications for “injury” were defined as musculoskeletal pain that resulted in a cessation of 
activity for more than one week, with or without a medical diagnosis. Other exclusion criterion 
included subjects who did not participate in at least the final half of the previous sports season for 
any reason. Subjects were asked to refrain from “moderate” intensity exercise or greater, as well 
as lower-body resistance training on the day of and day before testing. According to American 
College of Sports Medicine guidelines, this would be any intensity greater than 65% maximal 
heart rate.56 All procedures were approved through the university’s institutional review board. 
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Procedure 
Subjects reported to the Sports Injury Research Center (SIRC) to perform two different 
stretching interventions over two days with at least 48 hours separating each visit. The subjects 
were asked to report to the SIRC within the same 2-hour time window each visit. Each visit lasted 
approximately 35 minutes. Upon the first visit to the SIRC the experiment was explained, 
questions were answered and each subject signed a consent form approved by the University of 
Nevada Las Vegas Institutional Review Board (Protocol #724261-2). The subject then filled out a 
questionnaire regarding dominant leg, stretching habits and current workout schedule (Appendix 
A). Next, the subject was familiarized with the equipment to be used and then was instrumented 
with reflective markers placed on the apex of the lateral malleolus, lateral femoral epicondyle, 
greater trochanter, and apex of the iliac crest of the dominant limb. These locations were shown 
by Kivi et al.57 to be satisfactory for determining angular velocity using 2D video analysis. 
Markers were comprised of a 3.5” x 4” square of reflective tape with a 1x1” square of black 
contrast tape placed over the anatomical landmark.  
Each data collection session included a 5-minute treadmill warm-up at a preferred 
walking speed, followed by a baseline measurement of hip flexion torque of the dominant limb 
with the isokinetic dynamometer. Three sets of five repetitions of isokinetic concentric hip 
flexion contractions were performed at a speed of 180°/second.58 After baseline measurement, the 
subject completed the static stretch or dynamic stretch, presenting in counterbalanced order 
across participants. This was followed immediately by post-stretch measurements of torque using 
the isokinetic dynamometer at 180°/second for concentric hip flexion. Following the post-stretch 
measurements, the subject was asked to complete the sprinting protocol, which was followed 
immediately by the post-sprint torque measurement using the isokinetic dynamometer at 
180°/second for concentric hip flexion. A running stopwatch was utilized to quantify the amount 
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of transition time between collection periods. The research procedures are represented graphically 
in Figure 1. 
 
 
Stretch Protocols 
The static stretch condition consisted of 2 hip flexion-specific stretches that are typically 
performed by athletes. Each stretch was held for 30 seconds and repeated three times bilaterally, 
alternating limbs between repetitions. Time was kept with a stopwatch controlled by the 
examiner. The stretches included a standing iliopsoas/quadriceps stretch (Appendix B, Figure 2) 
and a modified lunge stretch (Appendix B, Figure 3). To perform the iliopsoas/quadriceps stretch, 
the subject assumed a unilateral stance on the left leg, with the right arm flexed at the shoulder 
(instructed to “reach toward ceiling.”). Simultaneously, the right foot was grasped behind the 
subject with the left hand and the knee was brought into flexion while keeping the thigh 
perpendicular to the floor, until a stretch sensation was felt in the right quadriceps and anterior 
hip. To perform the modified lunge stretch, the participant knelt in a lunge position, with the front 
hip and knee bent at 90 degrees and the foot flat on the floor. The rear hip was fully extended 
while the knee was bent at 90 degrees with weight on the knee. A pillow was placed under the 
rear knee to alleviate discomfort. During the stretch the participant was asked to contract the rear 
gluteus maximus in order to feel a stretch in the rear hip flexor muscles. Visual representations of 
all static stretches can be viewed in Appendix B. 
Figure 1: Data collection procedure 
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The dynamic stretch was comprised of flick backs (Appendix C, Figure 4) and powerful 
backwards walking (Appendix C, Figure 5). Each movement was performed twice over 15 
meters. To perform flick backs, subjects were instructed to begin by jogging, but focus on quickly 
flexing at the knee to attempt to touch the heel to the ipsilateral gluteus maximus. To perform 
powerful backwards walking, the participant was instructed to forcefully extend the hip behind 
them while keeping the knee straight while maintaining backward locomotion. These stretches 
were chosen due to their specificity of stretching the hip flexors by contracting the hip extensors. 
These stretches are commonly performed in athletics and should be familiar by name to the 
subjects, but were demonstrated as requested. Visual representations of all dynamic stretches can 
be viewed in Appendix C. 
Sprint Protocol 
Following the post stretch torque measurements, the subject performed an intermittent 
sprint protocol consisting of six repeats of 20-meter sprints with 60-120 seconds of rest between. 
The 20-m distance was chosen as it represents the mean sprint distance in intermittent-sprint field 
sports such as soccer.59–61 The number of repetitions and rest interval length were chosen based 
on published repeated-sprint recommendations.60 Sprints were performed outside of the SIRC and 
the distance was marked with tape and bordered by timing gates. Subjects were asked to sprint at 
maximum effort, run through the end of the sprint and come to a gradual stop, rather than 
decelerating rapidly. After at least 60 seconds and prior to 120 seconds of rest, the subject 
repeated the sprint until 6 repetitions were completed. Final torque measurements were taken 
following completion of the final sprint.  
Instrumentation 
Peak hip flexion torque was measured using an isokinetic dynamometer (100 Hz, Biodex 
System 3, Biodex Medical Systems, Shirley, NY) with the attachments designated for the hip 
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joint. The subject was placed in a supine position and the dynamometer placed in accordance with 
manufacturer instructions included in the user manual. Speed was set at 180°/s with concentric 
action of the hip flexors for one trial with 5 repetitions for each measurement period (baseline, 
post stretch, post sprint). Misjuik et al. reported that a correlation exists between hip flexion 
torque production at 180°/s and sprint speed (r=-0.818).35 Hip kinematics were recorded using a 
high speed video camera (Basler Scout Model scA640-120gm, Exton, PA). Sprint speed was 
measured using both photoelectric timing gates (Brower TC Timing System, Draper UT) and a 
manual stop watch.  
Data Analysis 
Analysis of peak torque, hip angular velocity, and sprint speed were completed. Hip 
flexion torque output values from Biodex Software were entered into Microsoft Excel and peak 
torque values were identified for each measurement period (baseline, post stretch, post sprint) for 
each condition (dynamic stretch or static stretch). These values were analyzed using a 2 (stretch) 
x 3 (time), repeated measures factorial analysis of variance (ANOVA) with a Bonferroni 
adjustment with SPSS for Windows (IBM, v. 22, Armonk, NY). Multiple comparison post-hoc 
analysis was completed using a one-way repeated measures ANOVA and paired t-tests.  
Sprint times were recorded during collection and entered into Microsoft Excel, where the 
average sprint times for each condition were calculated, as well as the time difference between 
sprints 1 and 6. Two separate paired samples t-tests were completed for average sprint speed and 
T1-T6 differences for each condition with significance set to α=0.05.  
Hip angular velocity was calculated during the initial swing phase using MaxTRAQ 
software (Innovision Systems, Inc., Columbiaville, MI). Initial swing was defined as toe-off to 
max knee flexion. These identifying positions were determined using the markers placed prior to 
data collection. Angular position data for the hip and knee were filtered with a zero lag, low-pass, 
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4th order Butterworth filter with a cutoff frequency of 12 Hz. From the angular position data, 
instantaneous angular velocity was calculated for each frame that comprised the initial swing 
phase of sprints 1 and 6. The length in frames of the phase was normalized by percent, and the 
phase percent at which peak instantaneous velocity occurred was noted. Paired samples t-tests 
were completed for both peak instantaneous velocity and percent phase of peak instantaneous 
velocity for each condition with significance set to α=0.05. 
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CHAPTER 4: RESULTS 
 The purpose of this study was to determine the effects of static or dynamic stretching on 
hip kinematics and kinetics during intermittent sprinting. To achieve this aim, intermittent sprint 
athletes were asked to complete either a static or dynamic stretch, followed by a repeated-sprint 
protocol. Kinematic and performance measures evaluated during the sprint protocol included 
sprint time and peak instantaneous angular velocity at the hip joint during the initial swing phase 
of gait, which is defined as toe-off to maximum knee flexion. The changes that occurred in these 
variables over the course of the sprint protocol were statistically evaluated. Kinetic data measured 
included hip flexion torque, measured with an isokinetic dynamometer three time periods: 1) 
baseline, 2) post-intervention, and 3) post-sprint. Results are presented separately by dependent 
variables.  
Angular Velocity 
 Instantaneous angular velocity values of each frame comprising the initial swing phase 
were calculated for sprint trials 1 and 6. The peak instantaneous velocity and the phase percent at 
which it occurred was identified. These data are presented by subject in Table 1. Paired samples t-
tests were completed for both peak instantaneous velocity and percent phase of peak 
instantaneous velocity for each condition with significance set to α=0.05. No statistically 
significant differences were found among any level or participant.  
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Table 1: Peak Instantaneous Angular Velocity (degrees/second) and Phase Percent Occurrence  
 C1 (Dynamic) T1 C1 T6   C2 (Static) T1 C2 T6 
Subjec
t 
Peak (°/s) 
% 
Phase 
Peak (°/s) 
% 
Phase 
 Peak (°/s) % Phase Peak (°/s) % Phase 
1 752.6 100 759.1 95  754.2 100 842.5 100 
2 554.8 94.7 473.2 90  606.9 94.7 574.4 100 
3 365.7 83.3 370.2 87.5  438.2 100 664.8 100 
4 929.3 100 674.3 93.3  519.6 70.6 672.9 88.9 
5 393.6 85 461.9 85  498.0 100 341.1 90 
6 409.7 88.2 615.5 100  416.9 95 457.2 100 
7 463.1 88.2 486.4 94.1  324.9 77.8 304.2 78.9 
8 501.5 86.7 488.4 85.7  481.4 81 352.5 77.8 
9 586.0 88.2 534.0 78.9  297.1 100 357.3 94.1 
10 345.6 57.1 449.1 78.9  359.6 88.9 425.7 78.9 
Mean 
530.2±58.
9 87±3.8 
531.2±37.
1 88±2.2   
469.7±43.
4 
90.8±3.
4 
499.3±57.
1 
90.9±3.
0 
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Sprint Times 
 Sprint times were recorded for all sprint trials for each participant. The mean and 
standard deviation for subject and condition were calculated, along with the difference between 
trials 1 and 6. These data are presented by subject in Table 2. Paired t-tests for average sprint time 
and time difference from first to last sprint revealed no statistically significant results for any trial 
or condition.  
 
Table 2: Mean Sprint Times (seconds) and Differences from T1-T6 
 C1 (Dynamic)  C2 (Static) 
Subject Mean and SD T6 - T1  Mean and SD T6 - T1 
1 3.572 ± 0.022 -0.10  3.738 ± 0.019 -0.01 
2 4.092 ± 0.032 -0.13  4.178 ± 0.053 -0.18 
3 3.463 ± 0.016 -0.06  3.383 ± 0.068 0.30 
4 3.383 ± 0.023 0.07  3.397 ± 0.048 -0.15 
5 3.465 ± 0.009 0.00  3.425 ± 0.034 0.19 
6 3.455 ± 0.021 0.03  3.515 ± 0.036 -0.22 
7 3.630 ± 0.019 -0.01  3.648 ± 0.029 -0.10 
8 3.653 ± 0.011 -0.03  3.403 ± 0.016 -0.09 
9 3.637 ± 0.013 -0.02  3.795 ± 0.022 -0.04 
10 3.465 ± 0.046 -0.28  3.353 ± 0.021 -0.08 
Mean 3.581 ± 0.041 -0.05 ± 0.009  3.628 ± 0.069 -0.04 ± 0.027 
(-) Indicates a faster sprint time.  
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Hip Flexion Peak Torque 
 Peak torque values were identified in Newton-meters (Nm) for each repetition. These 
values were averaged for each time condition, creating three values (baseline [T1], post-stretch 
[T2], post-sprint [T3]) for each participant. The repeated measures factorial ANOVA did not 
show any significant interactions and was not significant for overall main effects. Differences in 
values were then calculated for each level; baseline to post-stretch, baseline to post-sprint, and 
post-stretch to post-sprint. Those data were averaged and compared between conditions, which 
revealed no statistical significance. These values are shown in Tables 3 and 4.  
 
Table 3: Peak Hip Flexion Torque Values (Newton-meters) 
Subjec
t 
C1T1 C1T2 C1T3  C2T1 C2T2 C2T3 
1 52.61 57.80 61.46  48.18 38.91 51.20 
2 172.23 183.44 164.78  151.80 146.02 150.13 
3 127.45 131.26 132.10  148.46 160.48 145.88 
4 146.34 145.49 150.13  122.29 126.44 139.96 
5 130.29 115.56 113.30  132.91 117.82 107.20 
6 103.49 98.84 101.41  91.92 94.64 105.89 
7 81.85 81.54 83.43  59.75 67.07 78.59 
8 73.08 93.51 88.49  146.34 141.73 145.07 
9 142.04 155.51 145.88  127.90 127.99 141.00 
10 110.41 115.61 124.55  127.99 134.59 133.59 
Mean 
113.98 ± 
11.7 
117.85 ± 
11.8 
116.55 ± 
10.4 
 
115.75 ± 
11.7 
115.57 ± 
12.0 
119.85 ± 
10.6 
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Table 4: Between-Trial Differences in Peak Hip Flexion Torque (Newton-meters) 
 C1 (Dynamic)  C2 (Static) 
Subject T1 to T3 T1 to T2 T2 to T3  T1 to T3 T1 to T2 T2 to T3 
1 8.86 5.20 3.66  3.6 -9.27 12.29 
2 -7.46 11.21 -18.66  -18.66 -5.79 4.11 
3 4.66 3.81 0.84  0.84 12.02 -14.60 
4 3.80 -0.84 4.64  4.64 4.14 13.53 
5 -16.99 -14.73 -2.26  -2.26 -15.10 -10.62 
6 -2.08 -4.66 2.58  2.58 2.71 11.25 
7 1.58 -0.31 1.89  1.89 7.32 11.52 
8 15.41 20.43 -5.02  -5.02 -4.61 3.34 
9 3.84 13.47 -9.63  -9.63 0.09 13.02 
10 14.15 5.20 8.95  8.95 6.60 -0.99  
Mean 2.58 ± 3.1 3.88 ± 3.1 -1.30 ± 2.5  -1.30 ± 2.5  -0.187 ± 2.7 4.29 ± 3.2 
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CHAPTER 5: DISCUSSION 
The purpose of this study was to determine the effects of static or dynamic stretching on 
hip kinematics and kinetics with the implementation of a sprint protocol. Equivocal research 
regarding stretching and athletic performance exists in the literature, which may be due in part to 
a lack of consistency with research methods utilized. Moreover, few researchers have attempted 
to measure the effects of stretching with the addition of further muscular activity, such as a sprint 
protocol. In athletics, particularly intermittent sprint sports such as soccer, basketball or football, 
an individual will typically warm up and stretch prior to competition, but will not repeat the 
stretch throughout. The majority of the available research only measures variables immediately 
after the stretch, and those results have been applied to determine how athletes should be 
stretching prior to competition. This study utilized the addition of a sprint protocol between 
variable measurements to determine if the effects of a stretch are continued when a muscle 
undergoes additional work. Overall, there were no statistically significant results for changes in 
sprint times, hip angular velocity, or hip flexion torque following either a static or dynamic 
stretch.  
As mentioned previously, there exists evidence in the literature that suggests static 
stretching may not be beneficial for activities requiring maximal force output.1,2,9–12,49 However 
athletes, including participants in this study, continue to utilize static stretching prior to activity 
with no apparent deleterious effects. This fact, coupled with the lack of statistical significance in 
the current study and others15,30,31,46–48,62 suggests that 1) the immediate effects consistently 
measured in the literature may not extend past the first few minutes after the stretch is completed, 
or 2) that the implementation of additional activity (such as sprinting during a competition) may 
null the previously measured immediate effects.  
Additionally, though there exists an overarching theme of dynamic stretching being 
superior to static stretching, there still exists research30,31,48,62,63 and anecdotal evidence that 
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suggests there are a number of factors that may affect this relationship between stretching and 
performance. Stewart et al. measured 40-meter sprint times in elite rugby players following either 
a static stretch or general warm-up and found no significant changes in sprint times following the 
static stretch.30 They contributed the lack of significance on what they described as a nulling 
effect of static stretching; a static stretch may improve certain aspects of a sprint such as range of 
motion and thereby stride length, but hinder others such as muscle stiffness and thereby leg 
turnover and stride frequency, causing an overall null effect.30 Wong and colleagues31 attempted 
to determine if changes in repeated sprint ability occurred following varying times of static 
stretching followed by a short bout (90s) of dynamic stretching and found no significant 
differences in sprint times.31 They disclosed that the combination of static and dynamic stretching 
may have played a role in results, but conceded that current research regarding stretching is 
equivocal and involves many factors such as stretch duration and measured performance 
outcomes.31 
Angular Velocity 
 A lack of statistical significance may be partially explained by the high variability 
between trials and participants. This variability (represented in Figure 6) may be due to human, 
environmental, and equipment errors in the digitizing process. For example, marker visibility was 
affected by ambient light during different times of day. This effect typically presented for the 
ankle marker, which may have then affected the knee angular position data. These errors could 
lead to incorrect identification of initial swing phase. For future studies involving outdoor video 
collection, this error could be mitigated by collecting all subjects at an optimal time of day, rather 
than convenience scheduling based on participant availability. Also, there were instances in 
which the camera and computer failed to connect properly, which caused image error during 
processing for those frames. Finally, participants were asked to wear tight fitting clothing, but 
standardized laboratory clothing was not issued. Marker placement and movement may have been 
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affected by the type of clothing being worn. This may be especially true for the iliac crest and 
greater trochanter markers and therefore hip angular position data, particularly if the shirt or 
shorts worn were loose-fitting. For future studies, standard tight-fitting laboratory clothing would 
potentially mitigate this issue.   
 
Figure 6: Peak hip angular velocity (°/s) during the initial swing phase 
 
  
To the knowledge of the author, there exists no research that correlates hip angular 
velocity during the initial swing phase with sprinting speed. The attempt to determine this was 
based on the research that suggests sprint speed is increased with increases in stride frequency, 
defined as the speed at which the leg is moved through its ROM.33–37 Mann and Hagy38 suggested 
that during the initial swing phase, motion at the knee and ankle occurs secondary to rapid 
acceleration of the thigh into flexion.38 It was the rapid thigh acceleration by way of hip flexor 
contraction during the initial swing phase that this study attempted to quantify with limited 
success. The uniqueness of the current study may be a factor in the lack of significant results due 
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to a shortage of previous literature use as a methodological guide. This fact may be promising for 
future studies that may attempt to utilize similar techniques. It may also be beneficial to consider 
measuring the entire swing phase and quantify both hip flexion and hip extension.  
Sprint Times  
 No statistically significant differences were found between first and last sprint time for 
either condition (see Figure 7). These results align with Little and Williams,48 who found no 
significant difference in 20-meter maximal sprint speeds between static or dynamic stretching 
conditions.48 That study involved two 20-meter sprints with two minutes rest, as well as other 
speed and agility tests performed in the same session.48 Fletcher et al.2 measured 20-meter sprint 
speeds in 97 trained rugby players at baseline and following 4 different stretch protocols (passive 
static, active static, active dynamic, and static dynamic) and found significant increases in time 
for the passive static and active static groups and a decrease in the active dynamic group, but no 
statistically significant differences in group data at pre- or post- stretching.2 It is also worth 
mentioning that the mean sprint times recorded by Fletcher et al.2 were similar to the current 
study, with larger standard deviations. The magnitude of the differences in sprint times were also 
similar to what was found in the current study.  
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Figure 7: Average sprint times 
 
 
Little et al.48 compared the effect of static and dynamic stretching on several different 
tests that were performed consecutively and found that static stretching resulted in significantly 
faster 20-m times compared to no-stretch, but there was no significant difference in sprint times 
compared to dynamic.48 Those authors attributed their results to duration of stretching time and 
the addition of other measured agility tests. Those conclusions align with the current study; as 
stated previously, a lack of significance may be due in part to stretch duration or the 
implementation of additional activity following the stretch. 
To elaborate, the sprint protocol in this current study was not utilized specifically to 
measure changes in sprint times. Instead, the purpose of the sprints was to create a functional 
sport-specific task that would serve to determine if the effects of a stretch on torque were 
maintained after activity. As mentioned previously, no studies exist that measure not only the 
immediate effects of a stretch, but also the effects following functional activity. This research 
would be more beneficial to the active sports population who tend to stretch only before a 
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competition, and not throughout. Furthermore, in a majority of the stretch-sprint research 
available in the literature involves stretching more muscle groups for longer periods of time,1–
4,10,15,50 so it is possible that the specificity and length of the stretches in the current study were not 
enough to elicit a total effect that would affect sprint times significantly.  
Hip Flexion Peak Torque 
The lack of statistically significant response in hip torque may be due to several factors. 
First, high variability (shown in Figure 8) existed among a small sample size of participants. The 
abovementioned changes, though partially in line with the original hypothesis, are in magnitudes 
that are a fraction of even the lowest torque values. The mean and standard deviation values are 
evidence of a high amount of variability that may have been reduced had the sample size been 
larger or comprised of a sample of more homogeneous individuals. Eligibility requirements for 
this study were very broad and the ensuing participant pool consisted of all soccer players, but 
from varying ages and levels of experience. Females were underrepresented and consisted of a 
current Division 1 athlete and a recreational level athlete. Males ranged from the Division 1 
athlete to the recreational athlete, including a 41 year old recreational player.   
 36 
 
Figure 8: Peak hip flexion torque (Nm)  
 
  
Furthermore, upon analyzing the torque values for each participant between conditions, 
several participants had stark differences in baseline trials (T1 in Figure 7) between conditions. 
This could be due to motivational factors, familiarity with the study, or activities performed 
outside of the study. During the collection, participants were asked to complete tasks with 
maximal effort but these maximal efforts were not controlled by the examiner by means of 
creating a minimum torque value deemed an acceptable trial. It is also considered in retrospect 
that torque collection may have been more reliable if collected during the sprints with the use of a 
force platform embedded into the runway. This technique has been utilized to measure muscle 
torques during both stance and swing phase of running and sprinting.64 Thus, the “field” 
component of the intermittent sprint, designed to be more representative of sprint activity, may 
have negatively influenced the ability to detect significant differences in hip torque. 
Nelson and colleagues63 measured torque production for knee extension at five different 
velocities (1.05, 1.57, 2.62, 3.67, and 4.71 rad/s) and found that at lower velocities (1.05 and 1.57 
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rad/s), torque output was decreased following a static stretch, but this effect was not evident for 
higher-velocity movements (2.62, 3.67, and 4.71 rad/s).63 The current study measured torque at 
180°/s, which is equivalent to 3.14 rad/s and falls within the range of the non-significant findings 
of Nelson et al.63 In their study, participants were asked to stretch for 30 seconds, which is the 
same stretch duration of the current study. However, stretches were only repeated twice rather 
than three times. A similar study by Egan et al.65 investigated changes in torque production in 
knee extensors after a static stretch and found no significant change from baseline at either 60 or 
300°/s.65 Participants in that study were also asked to stretch for 30 seconds, but repeated the 
stretch 4 times.65 The participants in the study by Egan et al.65 were collegiate basketball players, 
and the authors hypothesized that the effect of stretching is less prominent in trained individuals 
as opposed to untrained or sedentary individuals.65 Considering the participant pool in the study 
by Nelson et al.63 (recreationally active), as well as the current study (elite or recreationally active 
soccer players), that hypothesis holds merit.  
Alternatively, Papadopoulos et al.66 also implemented 30-second stretches and found 
significant decreases in torque production at both 60 and 180°/s (1.04 and 3.14 rad/s) for knee 
flexors and extensors.66 The torque decrease found by Papadopoulos and colleagues66 at 60°/s 
agrees with the findings by Nelson et al.,63 but they did have significant results at 180°/s,66 which 
was not true for Nelson et al.63 or Egan et al.65 Interestingly, the participants in the study by 
Papadopoulos et al.66 were non-athletes, which supports the hypothesis by Egan et al.65 that 
trained individuals are less likely to have performance deficits following static stretching.  
With regard to dynamic stretching and torque production, the aforementioned study by 
Papadopoulos et al.66 found no significant difference between no-stretch and dynamic stretch at 
either 60 or 180°/s.66 These results align with the current study. All three of the aforementioned 
studies measured torque production at the knee, while the current study investigated changes at 
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the hip. No research was found that investigated the hip musculature following different stretch 
interventions. 
Ogura et al.62 attempted to determine if various lengths of static stretching led to force 
decrements as measured by an isokinetic dynamometer and found that stretches lasting 30 
seconds or less resulted in no significant decrease in torque output of the knee flexors, but a 
duration of 60 seconds resulted in a decrease in torque production.62 Those findings support the 
claim that documented deleterious effects of static stretching may be due in part to the length of 
the stretches performed in said studies. 
Overall, the current study intended to focus specifically on hip flexion by choosing 
stretches that only affected the hip flexors, only measuring hip flexion with the dynamometer, and 
only focusing on hip flexion angular velocity during the initial swing phase of gait. As mentioned 
previously, it is possible that the specificity of stretching and measuring only hip flexion may 
have led to subtle changes that were not properly identified during the use of the isokinetic 
dynamometer. It would be interesting in future studies to increase either the number of stretches 
performed or the duration of stretches in order to potentially increase the effect of the stretches on 
the measured variables. Furthermore, to test the theory regarding trained vs. untrained individuals 
proposed by Egan et al.,65 a future study could compare athletes and non-athletes to determine if 
similar changes occurred in hip flexion torque production following static and dynamic stretching 
protocols.  
Limitations 
 Several limitations were introduced previously. These limitations were evaluated through 
the data collection and analysis process. First, limitations involved with the outdoor location 
included idle time from the Biodex to the sprint location, environmental concerns with outdoor 
performance, and environmental concerns regarding kinematic analysis. The first limitation 
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regarding idle time proved to be a non-issue, as the longest amount of time between any portions 
of the collection was less than 90 seconds. However, environmental considerations, both 
regarding performance as well as kinematic analysis, were present. High winds during collection 
time caused several collections to be cancelled and rescheduled, due to both performance and 
equipment concerns that arose. Those participants were rescheduled for 3-7 days later due to 
scheduling conflicts.  
Environmental considerations regarding data analysis also became an issue during the 
digitizing process. Ambient light from the position of the sun affected the infrared capability of 
the camera, which caused visibility issues with markers. These issues were primarily limited to 
the ankle markers, which could have possibly affected the knee angle position data. Furthermore, 
outdoor collection proved to be problematic in regard to camera and computer connectivity. 
Unfortunately due to these connection issues, only trials 1 and 6 were recorded. Fortunately, no 
loss of data occurred for any first or last trials; however, the kinematic data that may have been 
collected for trials 2-4 may have been useful to provide further insight, especially considering that 
times were still collected for those trials and a stronger correlation between sprint time and 
angular velocity may have been created. 
Conclusions 
 The current study aimed to determine if specific kinetic and kinematic measures of hip 
flexion were affected by different stretching techniques. The implementation of a sprint protocol 
to determine lasting effects of a stretch provided uniqueness to the study that has yet to be 
measured in the literature. The current study proved to have no statistically significant results. 
The lack of significance may be due to a small sample size and high variability within the sample. 
A factor that should be considered for the variability in all of the measured variables is the 
experience and current playing level of the participants in the study. Most of the participants 
indicated that they have played soccer for a majority of their lives, but in some cases there were 
 40 
 
intermittent breaks in playing level (recreational vs. elite). Of the population sampled, only two 
participants were actively playing Division 1, while the rest were playing at a recreational or 
moderate level, which consists of 1-2 games per week. Some of those athletes claimed to 
supplement their soccer workout days with strength training or cross training, though others 
reported to only work out on the days of the week that they play in soccer games. These 
differences in the sampled population may begin to explain the variability in the results of the 
study. 
A common theme addressed in each of the aforementioned research studies is that 
research regarding the effect of stretching is equivocal and is dependent on several factors, such 
as stretch duration, activity performed after the stretch, and types of stretches utilized. Further 
research should be conducted to determine the effects of stretching on immediate and post-
activity performance measures. Results of such research would be beneficial for athletes and 
coaches to determine the type of stretch that should be performed in order to encourage 
performance increases at the beginning, end, and throughout a competition.  
Though the data collected were not statistically significant, they may provide clinical 
insight as to what the effects of stretching are on hip flexion torque, and if those effects continue 
once an individual begins activity. The results of this study may provide a framework for future 
similar studies and serve as inspiration to continue the task of implementing a functional activity 
into measurements of stretching effectiveness. 
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APPENDIX A: PRE-RESEARCH QUESTIONNAIRE 
 
Sport (circle one):      Men’s Soccer  Women’s 
Soccer 
Age: _____________ 
Years participating in soccer: _____________ 
Have you ever had a lower extremity injury?    Yes  No 
If so, when? _____________ 
Which is your dominant leg?      Right   Left  
Do you usually stretch before a workout or competition?  Yes  No 
If so, do you perform stretches that are dynamic, or static? Dynamic Static 
 Both 
(Static stretches are performed by putting the muscle into a stretch position and holding it for a 
specific amount of time, such as a seated hamstring stretch or standing quadriceps stretch. 
Dynamic stretching involves putting a muscle or muscle group into a stretched position during 
active movement, such as walking lunges or high knees.) 
Do you usually stretch after a workout or competition? Yes  No 
If so, do you perform stretches that are dynamic, or static? Dynamic Static 
 Both 
Currently, how often are you working out? (Days/week) _____________ 
How long do you spend working out per session? (Minutes) _____________ 
What kind of workouts do you typically perform?  Cardio  Strength
 Both 
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APPENDIX B: STATIC STRETCHES 
 
 
 
 
 
  
 
 
 
 
 
 
   Figure 2: Standing Iliopsoas/Quadriceps Stretch       Figure 3: Modified Lunge Stretch 
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APPENDIX C: DYNAMIC STRETCHES 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4:  Flick Backs Dynamic Stretch   
] 
 
 
 
 
 
 
 
 
 
 
Figure 5: Powerful Backwards Walking Dynamic Stretch 
 44 
 
REFERENCES 
1.  Fletcher IM, Anness R. The acute effects of combined static and dynamic stretch protocols 
on fifty-meter sprint performance in track-and-field athletes. J Strength Cond Res. 
2007;21(3):784-787. doi:10.1519/R-19475.1. 
2.  Fletcher I, Jones B. The Effect of Different Warm-Up Stretch Protocols on 20-m Sprint 
Performance in Trained Rugby Union Players. J Strength Cond Res. 2004;18(4):885-888. 
3.  McMillian D, Moore J. Dynamic vs. static-stretching warm up: the effect on power and 
agility performance. J Strength …. 2006;20(3):492-499. http://journals.lww.com/nsca-
jscr/Abstract/2006/08000/Dynamic_Vs_Static_Stretching_Warm_Up__the_Effect.6.aspx. 
Accessed May 5, 2014. 
4.  Morrin N, Redding E. Motion in Dancers. 2013:34-41. 
5.  Taylor D, Dalton J. Viscoelastic properties of muscle-tendon units The biomechanical 
effects of stretching. Am J …. 1990:300-309. 
http://ajs.sagepub.com/content/18/3/300.short. Accessed February 18, 2015. 
6.  Anderson B, Anderson J. Stretching. 1st ed. Bolinas, CA: Shelter Publications; 1980. 
7.  Smith C. The warm-up procedure: to stretch or not to stretch. A brief review. J Orthop 
Sport Phys Ther. 1994;19(1):12-17. 
http://www.jospt.org/doi/abs/10.2519/jospt.1994.19.1.12. Accessed November 12, 2014. 
8.  Shellock F, Prentice WE. Warming-up and stretching for improved physical performance 
and prevention of sports-related injuries. Sport Med. 1985;2(4):267-278. 
9.  Stewart IB, Sleivert GG. The effect of warm-up intensity on range of motion and 
anaerobic performance. J Orthop Sports Phys Ther. 1998;27(2):154-161. 
doi:10.2519/jospt.1998.27.2.154. 
10.  Nelson a G, Allen JD, Cornwell a, Kokkonen J. Inhibition of maximal voluntary isometric 
torque production by acute stretching is joint-angle specific. Res Q Exerc Sport. 
2001;72(1):68-70. doi:10.1080/02701367.2001.10608934. 
11.  Nelson AG, Driscoll NM, Landin DK, Young M a, Schexnayder IC. Acute effects of 
passive muscle stretching on sprint performance. J Sports Sci. 2005;23(5):449-454. 
doi:10.1080/02640410410001730205. 
12.  Fowles J, Sale D. Time course of strength deficit after maximal passive stretch in humans. 
Med Sci Sport Exerc. 1997;29. 
13.  Kokkonen J, Nelson AG, Eldredge C, Winchester JB. Chronic static stretching improves 
exercise performance. Med Sci Sports Exerc. 2007;39(10):1825-1831. 
doi:10.1249/mss.0b013e3181238a2b. 
 45 
 
14.  Young W, Elliott S. Acute Effects of Static Stretching, Proprioceptive Neuromuscular 
Facilitation Stretching, and Maximum Voluntary Contractions on Explosive Force 
Production and Jumping Performance. Res Q Exerc Sport. 2001;72(3):273-279. 
15.  Samson M, Button DC, Chaouachi A, Behm DG. Effects of dynamic and static stretching 
within general and activity specific warm-up protocols. J Sport Sci Med. 2012;11(2):279-
285. 
16.  Alter M. Science of Flexibility. 2nd ed. Champaign, IL: Human Kinetics; 1996. 
17.  Kubo K, Kanehisa H, Kawakami Y, Fukunaga T. Influence of static stretching on 
viscoelastic properties of human tendon structures in vivo. J Appl Physiol. 2001:520-527. 
18.  Chwalbinska-Moneta J, Hanninen O. Effect of Active Warming-up on Thermoregulatory, 
Circulatory, and Metabolic Responses to Invremental Exercise in Endurance-Trained 
Athletes. Int J Sports Med. 1989;10(1):25-29. 
19.  Knudson D, Bennett K, Corn R, Leick D, Smith C. Acute Effects of Stretching Are Not 
Evident in the Kinematics of the Vertical Jump. J Strength Cond Res. 2001;15(1). 
20.  Bishop D. Warm up I: potential mechanisms and the effects of passive warm up on 
exercise performance. Sports Med. 2003;33(6):439-454. 
http://www.ncbi.nlm.nih.gov/pubmed/12744717. 
21.  Bartlett M, Warren P. Effect of warming up on knee proprioception before sporting 
activity. Br J Sports Med. 2002;36(2):132-134. 
http://bjsm.bmj.com/content/36/2/132.short. Accessed November 12, 2014. 
22.  Gray SC, Devito G, Nimmo M a. Effect of active warm-up on metabolism prior to and 
during intense dynamic exercise. Med Sci Sports Exerc. 2002;34(12):2091-2096. 
doi:10.1249/01.MSS.0000039308.05272.DF. 
23.  Robbins DW. Postactivation potentiation and its practical applicability: a brief review. J 
Strength Cond Res. 2005;19(2):453-458. doi:10.1519/R-14653.1. 
24.  Lorenz D. Postactivation Potentiation: An Introduction. Int J Sports Phys Ther. 
2011;6(3):234-240. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3164001/. Accessed 
November 12, 2014. 
25.  Faigenbaum AD, McFarland JE, Schwerdtman J a, Ratamess N a, Kang J, Hoffman JR. 
Dynamic warm-up protocols, with and without a weighted vest, and fitness performance 
in high school female athletes. J Athl Train. 2006;41(4):357-363. 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1748418&tool=pmcentrez&re
ndertype=abstract. 
26.  Kay AD, Blazevich AJ. Effect of Acute Static Stretch on Maximal Muscle Performance: 
A Systematic Review. Med Sci Sports Exerc. 2012;44(1):154-164. 
 46 
 
27.  Depino GM, Webright WG, Arnold BL. Duration of Maintained Hamstring Flexibility 
After Cessation of an Acute Static Stretching Protocol. 2000;35(1):56-59. 
28.  Kirsch R, Weiss P. Effect of maintained stretch on the range of motion of the human ankle 
joint. Clin …. 1995. http://www.sciencedirect.com/science/article/pii/026800339593707Z. 
Accessed November 12, 2014. 
29.  Magnusson S. Passive energy return after repeated stretches of the hamstring muscle-
tendon unit. Med Sci …. 2000;(22):1160-1164. 
http://europepmc.org/abstract/MED/10862546. Accessed November 12, 2014. 
30.  Stewart M, Adams R, Alonso A, Van Koesveld B, Campbell S. Warm-up or stretch as 
preparation for sprint performance? J Sci Med Sport. 2007;10(6):403-410. 
doi:10.1016/j.jsams.2006.10.001. 
31.  Wong D, Chaouachi A. Short durations of static stretching when combined with dynamic 
stretching do not impair repeated sprints and agility. J Sport Sci …. 2011;(May):408-416. 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3761850/. Accessed November 22, 2014. 
32.  Kunz H, Kaufmann D a. Biomechanical analysis of sprinting: decathletes versus 
champions. Br J Sports Med. 1981;15(3):177-181. 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1858761&tool=pmcentrez&re
ndertype=abstract. 
33.  Mero A, Komi P, Gregor R. Biomechanics of sprint running. Sport Med. 1992;13(6):376-
392. http://link.springer.com/article/10.2165/00007256-199213060-00002. Accessed April 
25, 2014. 
34.  Salo AIT, Bezodis IN, Batterham AM, Kerwin DG. Elite sprinting: are athletes 
individually step-frequency or step-length reliant? Med Sci Sports Exerc. 
2011;43(6):1055-1062. doi:10.1249/MSS.0b013e318201f6f8. 
35.  Misjuk M, Rannama I, Niglas E. Relationship Between Lower Limb Isokinetic Strength 
and 60m Sprint Running Time. Lase J Sport Sci. 2013;4(2):159-167. 
36.  Guskiewicz K, Lephart S, Burkholder R. The Relationship Between Sprint Speed and Hip 
Flexion/Extension Strength in Collegiate Athletes. Isokinet Exerc Sci. 1993;3(2):111-116. 
37.  Dowson MN, Nevill ME, Lakomy HK, Nevill a M, Hazeldine RJ. Modelling the 
relationship between isokinetic muscle strength and sprint running performance. J Sports 
Sci. 1998;16(3):257-265. doi:10.1080/026404198366786. 
38.  Mann R, Hagy J. Biomechanics of walking, running, and sprinting. Am J Sports Med. 
1980;8(3):345-350. http://ajs.sagepub.com/content/8/5/345.short. Accessed March 23, 
2014. 
39.  Anderson P, Landers G, Wallman K. Effect of warm-up on intermittent sprint 
performance. Res Sports Med. 2014;22(1):88-99. doi:10.1080/15438627.2013.852091. 
 47 
 
40.  Wilson G, Wood G, Elliott B. The relationship between stiffness of the musculature and 
static flexibility: an alternative explanation for the occurrence of muscular injury. Int J 
Sport …. 1991;12(4). https://www.thieme-
connect.com/products/ejournals/abstract/10.1055/s-2007-1024702. Accessed November 
15, 2014. 
41.  Beaulieu J. Developing a Stretching Program. Phys Sport. 1981;9(11):59-69. 
42.  Ciullo J, Zarins B. Biomechanics of the musculotendinous unit: relation to athletic 
performance and injury. Clin Sports Med. 1983. 
43.  Ekstrand J, Gillquist J. The Avoidability of Soccer Injuries. Int J Sports Med. 
1983;4(2):124-128. 
44.  Dintiman GB. Research Quarterly . American Association for Health , Physical Education 
and Recreation Effects of Various Training Programs on Running Speed. 1964:37-41. 
doi:10.1080/10671188.1964.10613341. 
45.  Hawley JA, Williams MM, Hamling GC, Walsh RM. Effects of a task-specific warm-up 
on anaerobic power. Br J Sports Med. 1989;23(4):233-236. 
46.  Samuel M, Holcomb W, Guadagnoli M, Rubley M, Wallman H. Acute effects of static 
and ballistic stretching on measures of strength and power. J …. 2008;22(5):1422-1428. 
http://journals.lww.com/nsca-
jscr/Abstract/2008/09000/Acute_Effects_of_Static_and_Ballistic_Stretching.6.aspx. 
Accessed November 12, 2014. 
47.  Unick J, Kieffer HS, Cheesman W, Feeney A. The acute effects of static and ballistic 
stretching on vertical jump performance in trained women. J Strength Cond Res. 
2005;19(1):206-212. doi:10.1519/R-14843.1. 
48.  Little T, Williams AG. Effects of differential stretching protocols during warm-ups on 
high-speed motor capacities in professional soccer players. J Strength Cond Res. 
2006;20(1):203-207. doi:10.1519/R-16944.1. 
49.  Kokkonen J, Nelson a G, Cornwell a. Acute muscle stretching inhibits maximal strength 
performance. Res Q Exerc Sport. 1998;69(4):411-415. 
doi:10.1080/02701367.1998.10607716. 
50.  Young W, Behm D. Effects of running, static stretching and practice jumps on explosive 
force production and jumping performance. J Sport Med Phys …. 2003;43(I):21-27. 
http://www.researchgate.net/publication/10863689_Effects_of_running_static_stretching_
and_practice_jumps_on_explosive_force_production_and_jumping_performance/file/32bf
e50e3666007ec5.pdf. Accessed November 12, 2014. 
51.  Vasconcellos F, De Salles P, Junior A, De Mello D, Dantas E. The Vertical Jump Height 
of Soccer Players after Static Overstretching. Hum Mov. 2012;13(1):4-7. 
doi:10.2478/v10038-011-0047-1. 
 48 
 
52.  Bradley P, Olsen P, Portas M. The effect of static, ballistic, and proprioceptive 
neuromuscular facilitation stretching on vertical jump performance. J Strength …. 
2007;21(1):223-226. http://journals.lww.com/nsca-
jscr/abstract/2007/02000/the_effect_of_static,ballistic,_and_proprioceptive.40.aspx. 
Accessed November 12, 2014. 
53.  Samukawa M, Hattori M, Sugama N, Takeda N. The effects of dynamic stretching on 
plantar flexor muscle-tendon tissue properties. Man Ther. 2011;16(6):618-622. 
doi:10.1016/j.math.2011.07.003. 
54.  Guskiewicz K, Lephart S, Burkholder R. The relationship between sprint speed and hip 
flexion/extension strength in collegiate athletes. Isokinet Exerc Sci. 1993;3(2):111-116. 
55.  Mann R a., Moran GT, Dougherty SE. Comparative electromyography of the lower 
extremity in jogging, running, and sprinting. Am J Sports Med. 1986;14(6):501-510. 
doi:10.1177/036354658601400614. 
56.  ACSM’s Guidelines for Exercise Testing and Prescription.; 2014. 
57.  R. Kivi DM, V. Maraj BK, Gervais P. A kinematic analysis of high-speed treadmill 
sprinting over a range of velocities. Med Sci Sport Exerc. 2002;34(4):662-666. 
doi:10.1097/00005768-200204000-00016. 
58.  Julia M, Dupeyron a, Laffont I, et al. Reproducibility of isokinetic peak torque 
assessments of the hip flexor and extensor muscles. Ann Phys Rehabil Med. 
2010;53(5):293-305. doi:10.1016/j.rehab.2010.05.002. 
59.  Reilly T, Thomas V. A motion analysis of work-rate in different positional roles in 
prodessional football match-play. J Hum Mov Stud. 1976;2:87-97. 
60.  Spencer M, Bishop D, Dawson B, Goodman C. Physiological and Metabolic Responses of 
Repeated-Sprint Activities. Sport Med. 2005;35(12):1025-1044. 
61.  Beckett J, Schnieker K, Wallman K, Dawson B, Guelfi K. Effects of Static Stretching on 
Repeated Sprint and Change of Direction Performance. J Strength Cond Res. 
2009;23(7):2155-2162. 
62.  Ogura Y, Miyahara Y. Duration of static stretching influences muscle force production in 
hamstring muscles. J …. 2007;21(3):788-792. http://journals.lww.com/nsca-
jscr/Abstract/2007/08000/DURATION_OF_STATIC_STRETCHING_INFLUENCES_M
USCLE.23.aspx. Accessed April 22, 2015. 
63.  Nelson AG, Guillory ANK, Cornwell A, Kokkonen J. Inhibition of maximal voluntary 
isokinetic torque production following stretching is velocity-specific. J Strength Cond 
Res. 2001;15(2):241-246. 
64.  Huang L, Liu Y, Wei S, et al. Segment-interaction and its relevance to the control of 
movement during sprinting. J Biomech. 2013;46(12):2018-2023. 
doi:10.1016/j.jbiomech.2013.06.006. 
 49 
 
65.  Egan AD, Cramer JT, Massey LL, Marek SM. Acute effects of static stretching on peak 
torque and mean power output in National Collegiate Athletic Association Division I 
women’s basketball players. J Strength Cond Res. 2006;20(4):778-782. doi:10.1519/R-
18575.1. 
66.  Papadopoulos G, Siatras T, Kellis S. The effect of static and dynamic stretching exercises 
on the maximal isokinetic strength of the knee extensors and flexors. Isokinet Exerc Sci. 
2005;13:285-291. http://iospress.metapress.com/index/7NTF2GL77UC0699Q.pdf.  
 
  
 50 
 
CURRICULUM VITAE 
Kristyne R. Bartel 
3450 North Hualapai Way #1104 
Las Vegas, Nevada 89129 
bartel@unlv.nevada.edu 
(814) 779-9498 
 
University of Nevada, Las Vegas 
Master of Science in Kinesiology 
Biomechanics Specialization 
August 2013—current 
Current GPA 3.89 
Thesis: Changes in kinematics and kinetics of sprinting 
following static or dynamic stretches 
Advisor: Janet Dufek, PhD 
 
Slippery Rock University of Pennsylvania 
Bachelor of Science, Athletic Training Major 
August 2008—December 2011 
Graduated magna cum laude, GPA 3.77 
 
Youngsville Middle/Senior High School 
Graduated summa cum laude, GPA 98.6% 
 
Graduate Student Instructor 
Sports Injury Management 101: Introduction to Athletic 
Training 
Fall 2013, Spring 2014, Fall 2014, Spring 2015 
Sports Injury Management 150: Management of Sport 
Trauma and Illness Lab 
Summer 2014 
 
Teaching Assistant/Guest Lecturer 
Sports Injury Management 386: Evaluation of Lower 
Extremity Injuries 
Fall 2013, Fall 2014 
Sports Injury Management 480: Therapeutic Exercise 
Spring 2014, Spring 2015 
Sports Injury Management 371: Advanced Clinical 
Experience in Athletic Training I 
Spring 2014, Spring 2015 
Sports Injury Management 471: Advanced Clinical 
Experience in Athletic Training II 
EDUCATION 
TEACHING 
& 
APPOINTMENTS 
 51 
 
Fall 2013, Fall 2014 
 
University of Nevada, Las Vegas 
Graduate Assistant 
Department of Kinesiology and Nutrition Sciences 
August 2013—Present 
Responsible for teaching a 100-level lecture course, help with 
instruction of upper level courses, and assist the Athletic 
Training Program Clinical Coordinator  
 
Healthtrax International 
February 2012—May 2013 
Licensed Athletic Trainer 
Employed at a major aerospace manufacturing company 
Work with employee population to prevent musculoskeletal 
injuries through the use of Symptom Interventions, Job Site 
Consultations, Body Mechanics Analyses, and group injury 
prevention training classes 
 
Stanwood/Camano School District 
December 2012—May 2013 
Interim Head Athletic Trainer and Sports Medicine Teacher 
 
Mountlake Terrace High School 
August 2012—December 2012 
Interim Athletic Trainer and Sports Medicine Teacher 
 
Slippery Rock University Office of Residence Life 
June 2009—December 2011 
Community Assistant 
 
Athletic Training Board of Certification 
Certified Athletic Trainer, effective January 2012 
 
Nevada State Board of Athletic Training 
Licensed Athletic Trainer, effective June 2013 
 
American Heart Association 
First Aid and BLS for the Medical Provider, effective August 
2013 
HeartSaver AED and CPR Instructor, effective August 2013 
 
American Red Cross 
CPR/AED for the Professional Rescuer, August 2009—
August 2013 
 
National Athletic Trainers’ Association 
August 2010—present 
EMPLOYMENT 
HISTORY 
LICENSES 
& 
CERTIFICATIONS 
PROFESSIONAL 
MEMBERSHIPS 
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Far West Athletic Trainers’ Association 
Nevada Athletic Trainers’ Association 
June 2013—present 
 
American College of Sports Medicine, Southwest Chapter 
October 2013—present 
 
UNLV Graduate and Professional Student Association 
Council Member, Kinesiology and Nutrition Sciences 
Representative 
September 2014—present  
 
Washington State Athletic Trainers’ Association 
January 2012—June 2013 
 
American College of Sports Medicine, Southwest Chapter 
October 2014, Poster Presentation 
“Relationship between resistance band tension and muscle 
activity during use of a hip exercise device” 
 
UNLV Graduate College Rebel Grad Slam: Three Minute 
Thesis Competition 
November 2014, Semi-Finalist 
“Relationship between resistance band tension and muscle 
activity during use of a hip exercise device” 
 
Graduate and Professional Student Association Research 
Forum 
March 2015 
“Relationship between resistance band tension and muscle 
activity during use of a hip exercise device” 
 
American College of Sports Medicine Annual Meeting 
Abstract Selected for Poster Presentation, May 2015 
“Relationship between resistance band tension and muscle 
activity during use of a hip exercise device” 
 
Graduate and Professional Student Association Research 
Forum 
March 2015 
Honorable Mention 
 
Graduate and Professional Student Association Sponsorship 
PRESENTATIONS 
& 
ACCEPTED  
ABSTRACTS 
AWARDS 
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Conference Travel Award, June 2013 
Award Amount $350 
 
iLead Student Leadership Conference 
Student Travel Scholarship, March 2011 
Award Amount $600 
 
Athletic Training Educators’ Conference  
2015 
 
National Athletic Trainers’ Association Annual Meeting and 
Clinical Symposia 
2012—2014 
 
American College of Sports Medicine, Southwest Chapter 
Annual Meeting 
2013—2014 
 
Far West Athletic Trainers’ Association Annual Meeting 
2014—2015 
 
Sports Medicine/Athletic Training 
Injury prevention, etiology/pathology of injury, injuries in the 
‘non-traditional’ athlete 
 
Biomechanics 
Running/shoe mechanics, acute and overuse injury 
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Michelle Samuel MS, ATC, LAT 
Lecturer, Department of Kinesiology and Nutrition Sciences 
Athletic Training Program Clinical Coordinator 
University of Nevada Las Vegas 
michelle.samuel@unlv.edu 
(702) 610-8113 
 
Julia Freedman Silvernail, PhD 
Assistant Professor, Department of Kinesiology and Nutrition 
Sciences 
University of Nevada Las Vegas 
jfs@unlv.edu 
(702) 895-2457 
 
Janet Dufek, PhD, FACSM 
Professor, Department of Kinesiology and Nutrition Sciences 
Affiliate Faculty, Department of Mechanical Engineering 
University of Nevada Las Vegas 
janet.dufek@unlv.nevada.edu 
(702) 895-0702 
 
Paul Cacolice MS, ATC, CSCS 
Instructor, Rangos School of Health Sciences 
Duquesne University 
paul@cacolice.com 
(412) 956-7168 
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